Background: Sugar-sweetened beverage consumption raises blood glucose concentration and has been positively associated with weight gain and type 2 diabetes, all of which have been implicated in the development of biliary tract cancer (BTC). This study examined the hypothesis that sweetened beverage consumption is positively associated with risk of BTC in a prospective study. Methods: The study population comprised 70 832 Swedish adults (55.9% men, age 45-83 years) from the Swedish Mammography Cohort and Cohort of Swedish Men who were free of cancer and diabetes and completed a food frequency questionnaire at baseline. Incident BTC case patients were ascertained through linkage with the Swedish Cancer Register. Cox proportional hazards regression model was used to analyze the data. All statistical tests were two-sided. Results: During a mean follow-up of 13.4 years, 127 extrahepatic BTC case patients (including 71 gallbladder cancers) and 21 intrahepatic BTC case patients were ascertained. After adjustment for other risk factors, women and men in the highest category of combined sugar-sweetened and artificially sweetened beverage consumption had a statistically significantly increased risk of extrahepatic BTC and gallbladder cancer. The multivariable hazard ratios for two or more servings per day (200 mL/serving) of sweetened beverages compared with no consumption were 1.79 (95% confidence interval [CI] ¼ 1.02 to 3.13) for extrahepatic BTC and 2.24 (95% CI ¼ 1.02 to 4.89) for gallbladder cancer. The corresponding hazard ratio for intrahepatic BTC was 1.69 (95% CI ¼ 0.41 to 7.03). Conclusions: These findings support the hypothesis that high consumption of sweetened beverages may increase the risk of BTC, particularly gallbladder cancer.
Biliary tract cancers (BTCs) include tumors of the bile ducts within and outside the liver, as well as gallbladder cancer. Little is known about the causes of BTC, but emerging evidence indicates that excess body weight (1-3) and type 2 diabetes (4) may increase the risk of BTC. Moreover, prospective studies have found a strong positive association between fasting blood glucose concentration and risk of BTC and gallbladder cancer (5) (6) (7) . Consumption of sugar-sweetened beverages, such as soft drinks, raises blood glucose concentration (8, 9) and has been associated with weight gain (10) and with increased risk of the metabolic syndrome (11) and type 2 diabetes (11, 12) in most but not all studies. Thus, high consumption of sweetened beverages may increase the risk of BTC. To date, only one previous prospective study has examined this hypothesis (13) .
The aim of this study was to evaluate the hypothesis that sweetened beverage consumption is positively associated with risk of BTC by using data from two population-based prospective cohorts of Swedish adults. Because sweetened beverages are usually rich in sugar, a secondary aim was to investigate the association between sucrose intake and BTC risk.
Methods

Study Population
The study population comprised women from the Swedish Mammography Cohort (SMC) and men from the Cohort of Swedish Men (COSM). The SMC began in 1987 to 1990, when a dietary questionnaire was mailed to all women who were born between 1914 and 1948 and who resided in V€ astmanland and Uppsala counties, central Sweden; 74% of the eligible women answered the questionnaire and gave informed consent to participate in the study. In the autumn of 1997, the 56 030 surviving participants received a new questionnaire that was expanded to include about 350 items concerning diet, lifestyle, and other risk factors for cancer; 39 227 women (70%) answered the questionnaire. Because data on diabetes and smoking were only available in the 1997 questionnaire, only women who completed that questionnaire were included in the present study. Concomitantly in the autumn of 1997, all 100 303 men who were born between 1918 and 1952 and who resided in V€ astmanland and € Orebro counties, central Sweden, were mailed the same diet and lifestyle questionnaire; 48 850 men (49%) completed the questionnaire and provided informed consent to participate. The two cohorts are representative of the Swedish population in 1997 in terms of distribution of age, occurrence of overweight, and educational level (14) .
For the present study, 70 832 participants (31 258 women age 49 À 83 years and 39 574 men age 45 À 79 years) were included after the following exclusions: 540 with erroneous or missing personal identification numbers; 81 who died before baseline; 4403 with a prior cancer diagnosis in the Swedish Cancer Register; 6084 with a cholecystectomy before baseline (data from the National Swedish Patient Register) because participants with a gallbladder removal operation were not at risk of developing gallbladder cancer; 5301 with a history of diabetes (defined as a diagnosis in the Swedish National Patient or Diabetes Registers or self-reported) because diabetes patients may have changed their consumption of sweetened beverages after the diagnosis; and 836 with implausible energy intake (ie, 3 SDs from the log e -transformed mean total energy intake). The Regional Ethical Review Board at Karolinska Institutet (Stockholm, Sweden) approved this study.
Trial registration: The Swedish Mammography Cohort and the Cohort of Swedish Men are registered at clinicaltrials.gov as NCT01127698 and NCT01127711, respectively.
Baseline Data Collection
Information on education, smoking, weight, height, physical activity, alcohol consumption, and diet was obtained through a self-administered questionnaire. Body mass index (BMI) was calculated as weight (in kg) divided by the square of height (in m). Total physical activity was assessed with six activities (work/occupation, home/housework, walking/bicycling, exercise, watching TV/reading, and sitting/lying down or sleeping) that were assigned a metabolic equivalent task score for energy expenditure, and reported time was multiplied by these scores and summed over all activities to create a metabolic equivalent hours-per-day (24 hours) score (15) .
Assessment of Sweetened Beverage Consumption
Consumption of sweetened beverages and other foods was assessed at baseline (in 1997) with a 96-item semiquantitative food frequency questionnaire (FFQ). The FFQ had one question about sweetened beverages: How many soft drinks or "juice" drinks do you consume per day or per week? Participants were asked to indicate their usual consumption, during the past year, of a standard glass (200 mL) of sweetened beverages. No distinction was made between sugar-sweetened and artificially sweetened (low-calorie) beverages. According to Swedish national consumption data, low-calorie soft drinks and "juice" drinks accounted for 9.9% (in men) to 19.2% (in women) of total soft drink and "juice" drink consumption in 1997 (16) . Sweetened beverages did not include fruit juices, energy and sports drinks, or sweetened coffee, tea, or milk. Intake of sucrose and other nutrients was calculated using composition values from the Swedish Food Administration Database (17) and was adjusted for total energy intake by using the residual method (18) . All sucrose-containing foods in the FFQ were used in the calculation of sucrose intake, and the calculation was made under the assumption that all sweetened beverages were sweetened with sugar (sucrose).
The FFQ has been validated for nutrient intake in a subsample of men from the study area; the correlation coefficient between estimates from the FFQ and the mean of fourteen 24-hour diet recall interviews was 0.70 for sucrose (19) . An FFQ similar to the one used in the present study has been validated in a subsample of 129 women from the SMC; the correlation coefficient between the FFQ and four 1-week diet records was 0.6 for sweetened beverage consumption (A. Wolk, unpublished data).
Case Ascertainment
Incident cases of BTC were ascertained by record linkage with the Swedish Cancer Register, which is at least 96% complete (20) . The register contains data on location, histological type, and diagnosis date of all malignant tumors in Sweden. BTC cases were classified according to the 10th Revision of the International Classification of Diseases. Extrahepatic BTC was defined as cancers of the gallbladder (C23.9), ampulla of Vater (C24.1), and extrahepatic bile ducts (C24.0, C24.8, and C24.9). Intrahepatic BTC was defined by the code C22.1.
Statistical Analysis
Participants contributed follow-up time from January 1, 1998, until the date of BTC diagnosis, date of cholecystectomy, death (data acquired from the Swedish Cause of Death Register), or December 31, 2012, whichever came first. In the categorical analysis of sweetened beverage consumption, nonconsumers (referent group) were compared with approximate quartiles of consumption among consumers (0.1-0.4, 0.5-1.9, and !2 servings/day). Sweetened beverage consumption was also analyzed as a continuous variable (per 1 serving per day [1 SD]; containing about 20 g sucrose). Sucrose intake was categorized into sexspecific quartiles. Baseline characteristics of the study population by categories of sweetened beverage consumption were age-standardized to the age distribution of the entire study population at baseline. Hazard ratios (HRs) with 95% confidence intervals (CIs) of BTC were estimated using Cox proportional hazards regression models with age as the time scale. All analyses were adjusted for sex by stratification on sex in the Cox model. The multivariable models were further adjusted for education (less than high school, high school, university); smoking (never, past, current) and BMI (<25, 25-29.9, !30 kg/m 2 ) because smoking and high BMI have been associated with an increased risk of gallbladder cancer in previous studies (1) (2) (3) 21) ; and total energy intake (kcal/day, continuous) to reduce measurement error because of general over-or under-reporting of food items (18) . Other variables considered for inclusion in the multivariable model were intake of protein, total fat, and carbohydrates ARTICLE (all in g/day, sex-specific quartiles); fruit juice, coffee, tea, and milk consumption (in approximate quartiles); alcohol consumption (drinking status and drinks per week); and physical activity (either total physical activity or walking/bicycling and exercise).
Only adjustment for protein intake changed the hazard ratios by more than 5% and was included in the multivariable model.
The proportional hazards assumption was tested using Schoenfeld residuals and was found to be satisfied. Tests for trend across categories of sweetened beverage consumption and sucrose intake were performed by assigning the median value to each category and modeling this variable as a continuous variable. To examine whether the results may have been influenced by reverse causality, a sensitivity analysis excluding cases of BTC diagnosed within the first two years of follow-up was performed. In an additional sensitivity analysis, participants with a history of diabetes were included in the analysis. Potential effect modification by sex and BMI (<25 kg/ m 2 or ! 25 kg/m 2 ) was tested by introducing an interaction term into the multivariable model that also included sweetened beverage consumption (as a continuous variable) and the modifying variable. The statistical significance of the interactions was tested by using the likelihood ratio test that compared models with and without the interaction term. SAS version 9.4 (SAS Institute Inc, Cary, NC) was used for the statistical analyses. All statistical tests were two-tailed, and a P value of less than .05 was interpreted as statistically significant.
Results
During a mean follow-up of 13.4 years (951 523 person-years) of 70 832 women and men (55.9% men), 127 incident extrahepatic BTC case patients (83 in women and 44 in men), including 71 gallbladder cancer case patients (54 in women and 17 in men) and 21 intrahepatic BTC case patients (11 in women and 10 in men), were ascertained. The mean (6 SD) consumption of sweetened beverages was 0.5 (6 1.1) servings per day in the whole study population and 1.1 (6 1.3) servings per day among consumers. Compared with nonconsumers of sweetened beverages, participants with high consumption (!2 servings/day) were less likely to have a postsecondary education, were more likely to be overweight, and had, on average, higher intakes of total energy, carbohydrates, and sucrose and lower intakes of protein and fat (Table 1) .
High consumption of sweetened beverages was associated with a statistically significantly increased risk of extrahepatic BTC and gallbladder cancer ( Table 2 ). The multivariable hazard ratios for women and men who consumed two or more servings per day of sweetened beverages compared with nonconsumers were 1.79 (95% CI ¼ 1.02 to 3.13) for extrahepatic BTC and 2.24 (95% CI ¼ 1.02 to 4.89) for gallbladder cancer. The age-and sexadjusted incidence rates of gallbladder cancer for participants who had the highest (!2 servings/day) and lowest (0 servings/ day) consumption of sweetened beverages were, respectively, 12 and six per 100 000 person-years. Sweetened beverage consumption was not associated with risk of nongallbladder extrahepatic BTC (n ¼ 56 case patients; multivariable RR for the highest vs the lowest category ¼ 1.40, 95% CI ¼ 0.62 to 3.13) (data not shown) or intrahepatic BTC (1.69; 95% CI ¼ 0.41 to 7.03) ( Table 2 ).
The multivariable HR of gallbladder cancer per one-servingper-day increment of sweetened beverage consumption was 1.24 (95% CI ¼ 1.05 to 1.47) ( Table 2) . In sensitivity analyses, the results persisted after exclusion of BTC case patients diagnosed within the first two years of follow-up (HR of gallbladder cancer per 1 serving per day ¼ 1.26, 95% CI ¼ 1.06 to 1.49) and when participants with diabetes were included in the analysis (corresponding HR [also adjusted for diabetes] ¼ 1.22, 95% CI ¼ 1.03 to 1.43). When other beverages (fruit juice, coffee, tea, and milk) were included in the multivariable model, the hazard ratio of gallbladder cancer for each one-serving-per-day increment of sweetened beverage consumption was 1.23 (95% CI ¼ 1.04 to 1.46). The association between sweetened beverage consumption and gallbladder cancer was not modified by sex (P interaction ¼ .82) or BMI (P interaction ¼ .55). For example, the multivariable hazard ratios of gallbladder cancer for each one-serving-per-day increment of sweetened beverage consumption were 1.25 (95% CI ¼ 1.00 to Sucrose intake was statistically significantly positively associated with risk of gallbladder cancer but not with extrahepatic or intrahepatic BTC. Compared with the lowest quartile of sucrose intake (referent group; mean intake ¼ 20.2 g/day), the multivariable hazard ratios of gallbladder cancer were 2.05 (95% 
Discussion
In this prospective study of Swedish adults, sweetened beverage consumption was positively associated with risk of BTC, in particular gallbladder cancer. Compared with no consumption, daily consumption of two or more servings of sweetened beverages was associated with a 2.2-fold increased risk of gallbladder cancer. Results were robust in sensitivity analyses and were not modified by sex or BMI. Sweetened beverages often contain high levels of sucrose, which was also positively associated with risk of gallbladder cancer. Sweetened beverage consumption may increase gallbladder cancer risk directly through blood glucose and insulin concentrations and indirectly through associated gallbladder cancer risk factors such as obesity and diabetes. Consumption of sugar-sweetened beverages acutely raises fasting blood glucose (8, 9) and insulin concentrations (8) . Findings from prospective studies have shown that fasting blood glucose concentration is positively associated with risk of gallbladder and bile duct cancer, with over a three-fold to five-fold increased risk observed in individuals with a fasting blood glucose concentration above 6 mmol/L (5-7). The biological mechanisms that may link elevated blood glucose concentration to gallbladder cancer risk are unclear, but growth-promoting effects of insulin and insulin-like growth factors are possible mechanisms. The insulin-like growth factor-I receptor is frequently expressed in carcinomas of the gallbladder and biliary tract and is associated with poor prognosis (22, 23) .
Sugar-sweetened beverage consumption has been positively associated with weight gain (24) and risk of developing type 2 diabetes (11) and the metabolic syndrome (11) . Available data indicate that obesity (1-3) and type 2 diabetes (4) may increase the risk of gallbladder cancer by approximately 40% to 65%. Thus, obesity and type 2 diabetes are not as strongly associated with gallbladder cancer risk as blood glucose concentration. This may suggest that the observed association between sweetened beverage consumption and gallbladder cancer likely is mediated to a large extent via elevated blood glucose and circulating insulin more so perhaps than indirectly via obesity and type 2 diabetes.
Another potential mechanism whereby high intakes of sweetened beverages and sucrose might increase the risk of gallbladder cancer is through gallstone disease, which is strongly positively associated with risk of gallbladder cancer (25) . A large prospective study observed that a high sucrose intake was associated with a statistically significantly increased risk of symptomatic gallstone disease (26) . Furthermore, prospective studies have reported a positive association between diets with high glycemic load, a measure of the glycemic responses of foods, and risk of symptomatic gallstone disease (26, 27) .
Only one previous prospective study has, to the best of our knowledge, investigated the association between sweetened beverage consumption and BTC risk (13) . In that prospective study of 477 206 adults (including 236 case patients of extrahepatic BTC, of which 87 case patients were gallbladder cancers) from 10 European countries, combined sugar-sweetened and artificially sweetened beverage (carbonated/soft/isotonic drinks 
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and diluted syrups) consumption was not associated with risk of BTC (13) . A potential explanation for the disparate findings might be related to a higher proportion of artificially sweetened beverage consumption in the European cohort than in the Swedish cohort. In Sweden in 1997 (baseline for this study), low-calorie sweetened beverages accounted for about 10% in men and 19% in women of total sweetened beverage consumption (16) . Among participants in the European cohort who daily consumed sweetened beverages, the proportion of artificially sweetened beverage consumption was 36% in nondiabetics and 74% in diabetics. In the present study, a statistically significantly increased risk of gallbladder cancer was observed only at a daily consumption of two or more servings of sweetened beverages. It is possible that the current study was able to detect a relation between sweetened beverage consumption and gallbladder cancer because a relatively large proportion (22%) of participants daily consumed sweetened beverages and 10% consumed two or more servings per day. Among nondiabetics in the European cohort, only 2.8% daily consumed sugar-sweetened beverages and 1.6% daily consumed artificially sweetened beverages (13) . Strengths of this study are the prospective design and the almost complete and objective ascertainment of BTC case patients by linkage with the Swedish Cancer Register. A shortcoming is the observational design. Thus, the possibility that residual confounding may have influenced the results cannot be ruled out. Another limitation is that sweetened beverage consumption was measured at baseline only and with the use of a self-administered questionnaire that did not distinguish between sugar-sweetened and artificially sweetened beverages. Therefore, some misclassification of consumption of sweetened beverages, in particular sugar-sweetened beverages, was inevitable, and this may have attenuated the associations observed. A further limitation is that dietary sucrose intake was calculated under the assumption that sweetened beverages were sugar-sweetened, thus resulting in an overestimation of sucrose intake and subsequently an underestimation of perunit risk increase. Despite the large sample size and relatively long follow-up, the number of BTC case patients was limited and contributed to wide confidence intervals. Finally, participants were middle-aged and older Swedish adults, potentially limiting the generalizability of these results to other populations.
The association of sweetened beverage consumption with risk of other cancers associated with obesity and type 2 diabetes, such as pancreatic, colon, and endometrial cancer, has been investigated previously in these Swedish cohorts (28) (29) (30) . Sweetened beverage consumption was positively associated with risk of pancreatic cancer (28) but not colon (29) or endometrial cancer (30) . Thus, it does not appear to be a general, nonspecific relation between sweetened beverage consumption and other cancers.
In conclusion, findings from this prospective study support the hypothesis that high consumption of sweetened beverages is associated with an increased risk of BTC, particularly gallbladder cancer. Further studies of the relation between sweetened beverage consumption, preferably separately for sugarsweetened and artificially sweetened drinks, and risk of BTC and gallbladder cancer specifically are warranted. 
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